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Abstract In copulation, most Lepidoptera unite with their abdomens end-to-end, their heads 
pointing in opposite directions, and their forewings making slopes to both sides like a roof. We 
call it “roof type” copulation. However, the slope of the roof varies according to differences in 
length of the body and size of the wings. In a typical case “female’s wings cover male’s wings 
(FCM)” or conversely “male's wings cover female’s (MCF)". In these cases, the female always 
occupies the upper side with her head pointing upward during copulation on inclined slope or 
vertical surface. We call this “female dominant (FD)". “Male dominant (MD)” is possible 
but very exceptional. Females always keep the position FD with very rare exception. In the 
case of wing arrangement, FCM is apparently dominant, but often MCF occurs under natural 
condition. 


We classify copulation in Lepidoptera, especially nocturnal moths, into five postures as follows: 
Subtype 1 一 Typical roof type (RT); Subtype 2-1—V-shaped posture (VSP); Subtype 2-2— 
Face-to-face posture (FFP); Subtype 3-1 一 Horizontal wing posture (HWP); and Subtype 3-2— 
Butterfly posture (BP). 


All subtypes may be derived from a primitive RT; Subtype 1 is the true RT in the strict sense. 
In Subtype 2, the heads of both sexes point upward when resting on inclined slope or vertical 
surface. VSP is V-shaped copulation, in which the male approaches the female laterally, hence 
their bodies make a V shape. In FFP, the male later on moves to his partner’s ventral side and 
assumes face-to-face posture. In HWP, as the wing size becomes larger, and the abdomen size 
becomes slender, the slope of RT is reduced gradually, finally becoming almost horizontal. If 
during copulation, the pair’s wings are held horizontally, we call it HWP. And in BP, the pair’ 
s wings are held upright on their backs. 


Key words Copulation, posture, classification, Lepidoptera, nocturnal moth, butterfly. 


Observations of copulation in nocturnal Lepidoptera are very rare compared to the day-flying 
species, because of difficulty in finding them at night. Fortunately we observed some cases 
under natural conditions and also on the white screen illuminated by light at night for 
collecting moths. In the present paper, we describe the copulation posture in each pair 
observed in detail, and in addition we examine and discuss the many photographs of mating 
pairs that appeared in various literatures. 


Method 


1. When a pair of moths was found in copulation, we took pictures and observed them in 
detail. Our main observation field was Jizobaru, especially in the garden of the Kokonoe 
Institute of Natural History (KINH), situated at 3229-317 Jizobaru, Machida, Kokonoe- 
machi, Kusu-gun, Oita-pref. (about 830 meters above sea level; 33'09/05"N, 131°11’00’E). 


2. As our observations are not enough to discuss the copulation posture of all moth families, 
we reviewed many photographs from the literature. Among them, we found some copula- 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


48 Akira MIYATA, H. S. YONG, Yatsukaho IKEDA and Hideo HASEGAWA 


tion pictures of moths from three journals (Japan Heterocerists’ Journal, Yugato, and 
Insectarium) and two illustrated books (Ishizawa, 1956; Hidaka [Ed.], 1997). However, we 
could not find good pictures of copulation except butterflies from other journals such as 
Gekkan-Mushi, Tinea, Kontyü, Transactions of the Lepidopterological Society of Japan, 
Journal of Research on the Lepidoptera, and Journal of the Lepidopterists’ Society, and 
several books on Lepidoptera written in English or Japanese. 


3. In the present paper, the following terms are used for explanation of copulation. In most 
cases of copulation, male and female unite with their abdomens end-to-end and their heads 
pointing in opposite directions. Their forewings make slopes on both sides, resembling a 
small roof. We call it “roof type (RT in the present paper)” as shown in Figs 1, 10-15, and 
26-27. In Geometridae, the slope of the roof is gentle, almost horizontal. In these cases, we 
call it “horizontal forewing posture (HWP)" (Figs 18, 51, 54, 55, 58-60, and 63). The RT is 
apparently the basic posture in copulation, but many other variations derived from it were 
observed. 


4. In the case of RT, when the pair rests on a vertical or inclined surface, usually the female 
points her head upward, and the male’s head downward. We call it “female dominant 
(FD)”, and in the case of male’s head upward, “male dominant (MD)". FD is apparently 
very common compared with MD. In some copulation cases, “the end of the male’s 
forewings covers the female's wings (MCF)”, but mostly “the female’s wings cover the male’s 
(FCM)”. These are used for description of the pair’s wing arrangement. 


5. In a posture derived from RT, the male points his head upward, parallel to the female, 
and copulates with her laterally. The pair forms a V-shape. If they retain the position until 
the end of copulation as shown in Figs 33, 35 and 38, we call it “V-shape posture (VSP)". If, 
after coupling, the male moves to the female’s ventral side, they mate face-to-face as shown 
in Figs 30-32, 37 and 61. We call it “face-to-face posture (FFP)”. 


6. In most butterflies and some moths, the wings of both sexes during copulation are closed 
in an upright position above the body as shown in Figs 16, 17,52 and 56. We call it 
"butterfly posture (BP)". HWP and BP probably reflect close affinity; we observed some- 
times both postures in one species or one genus, but one posture only in many species. 


7. Other copulation postures, derived from conspicuous length of wing and abdomen or 
difference in body and wing sizes due to sexual dimorphism, will be detailed under descrip- 
tion of the observed species. 


Observation 


We list below examples of copulation from our observations and literature; where published 
observations were illustrated with only photographs but without any note, we append a short 
supplementary explanation. 


[I] Family HEPIALIDAE コウ モリ ガ 科 

1. Endoclyta excrescens コウ モリ が 

RT, FD, MCF: Ueda (1985) photographed a pair by hand-pairing. 
2. Gazoryctra macilenta オオ ギン スジ コウ モリ 

RT, FD: Pair photographed on a stem of the family Gramineae at 7 p.m., August 26, 
1983, in Nagano Pref. (Nishio, 19865). This is RT like E. excrescens; in the photograph 
male and female rested in horizontal position, but FD when Nishio first found it. Wings 
of both sexes were closed, but abdomens were very long and did not cover each other. 
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One hour 30 minutes later, both individuals turned their heads face to face. 


[II] Family INCURVARIIDAE 77 U Z f 
3. Nemophora staudingerella ツウ スペ ベニ ヒゲ ナガ が ガ 
RT, MCF: A pair on horizontal flat surface was photographed by Matsuka (Hidaka, 
1997): Female with both legs stretched and head pointed slightly upward; male’s head 
pointed rather downward. 


[IIIJ Family PSYCHIDAE ミノ ガ 科 

4. Acanthopsyche nigraplaga ネグロ ミノ ガ 

Fig. 46, sketched from the photograph by Kobayashi (1973): The males abdomen 
inserted deeply into the female’s pupa case to copulate. After emerging, the wingless 
female waited for a male’s visit, with her head pointing downward, therefore her abdomen 
end was in the deepest part of the case. The male’s abdomen has elasticity to reach the 
female’s sexual organ. Saigusa (1974) had reviewed the copulation in this family. He 
described four steps of evolution in copulation of the family. In primitive species, the 
female has wings and can fly out from her case for mating. 


[IV] Family YPONOMEUTIDAE スガ 科 
5. Yponomeuta tokyonellus マユ エミ オオ スガ 
We found a pair in the early morning of July 14, 2001, on the sliding shutter of KINH 
(Fig. 1; the right side is female). 


[V] Family SESIIDAE スカ シバ ガ 科 
6. Pennisetia fixeni fixeni セス ジス カシ バ 

We found a pair of this species on a horizontal leaf of a roadside plant in Kokonoe 
near Mt Kurodake on the afternoon of September 1, 1980 (Fig. 2). The height of the leaf 
was about 60-70 cm above the ground. The upper individual in the picture may be the 
male. 

Two copulation pictures of Nokona pernix (ヒメ アト スカ シバ ) taken by Nojiri 
appeared in Insectarium (1985, 1988). These pictures depicted the same pair as they were 
taken by the same person and showed similar arrangement of the leaves around the pair. 
The picture that appeared in 1985 is an example of FD, and that in 1988 MD. The former 
picture is probably correct, as the latter is apparently upside down. The pair might be 
affected by the presence of the photographer, with the female wanting to move hence 
dragging the male, which didn’t want to move and resisted her tugging. In these pictures, 
the true copulation posture was completely disturbed by the observer. We must take care 
to approach a pair of day-flying moths and butterflies, because the presence of an observer 
could cause the male or female of the pair to attempt to escape, hence rendering their 
copulation posture abnormal. 

Arita and Ikeda (2000) published a monograph of Japanese Sesiidae. They recorded 
the copulation time of 2-3 species, with some observations of their mating behavior such 
as calling by the female. The copulation of Sesia rhynchioides (カシ ソス カシ バ ) and 
Trichocerota constricta ( ム ナ ブ ト ヒメ スカ シバ ) on the surface of an inclined slope is 
apparently FD in a straight line. In the photographs of a single individual, the head is 
also always pointed upward, therefore “FD” is normal in this family. 


[VI] Family CHOREUTIDAE ハ マキ モドキ ガ 科 
7. Choreutis fulminea ハ ガ タ オビ ハマ キモ ドキ 
According to the photograph of a pair taken by Ohbayashi (1997) on March 7, 1995, 
in Chichijima, Ogasawara Islands, the male and female rested with their wings upward, and 
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the individual at the lower position might be the female. Hidaka (1997) also used the 
same photograph. Fig. 50 is our rough sketch. 


[VII] Family OECOPHORIDAE マル ハ キ バ ガ 科 
8. Diurnea curpreifera メス コバ ネ マ ル ハ キバ ガ 
RT, FD: A pair on a tree stem photographed by Miyasaka (1992) in Sanadamachi, 
Nagano-pref., on April 30, 1983. Fig. 47 is sketched from the picture. 


[VIII] Family ZYGAENIDAE マダ ラガ 科 
9. Erasmia pulchella サツマ ニシ キ 
RT, FCM: Ohkubo (1991) photographed a pair on a horizontal leaf. 
10. Elycysma westwoodii スバ ツバ メガ 
According to a photograph (Miki, 1998), the female rested with her head up and both 
her forewings forming a very gentle slope; the male with his wings erect on his back like 
butterfly got into a slit between the female’s forewings, and his body is concealed complete- 
ly from head to abdomen. Because this species has large forewings with rather short 
abdomen, if the female holds up her wings, the copulation is classified as BP. However, 
she did not do so, and the male had to compromise to accomodate his partner. According 
to Dr Koshio’s comment attached for this picture, this posture is standard to the species; 
the male flies in the early morning, and copulation takes place until noon time. 
ll. Zygaena niphona ベニ モン マダ ラ 
RT, FD: Nishio (1989) photographed a pair in the middle of July in Ueda City, 
Nagano pref. The pair was on a stalk. 
Nakajima (1987) showed two photographs of copulation, one on Miberis rotundata 
and the other Miberis tenuis. Both are apparently RT and MCF. We believe that both 
photographs were turned sideways, because of layout. The copulation might be FD. 


[IX] Family HYBLAEIDAE セセリ モドキ ガ 科 

12. Hyblaea fortissima ニホン セセリ モドキ 

Nishio photographed a pair on a horizontal surface at 11 : 30 p.m., April 5, 1995, in 
Ueda City, Nagano Pref. (Nishio, 20008). According to the short explanation attached, 
the male opening the hair tuft on his hind leg, approached behind a female, and attempted 
to copulate flapping his wings. The copulation posture is not true TR; their wings were 
somewhat oblique to the dorsal direction similar to Figs 51 or 54. The posture must be 
classified as HWP. The female’s head is pointed upward, and the male’s downward. 


[X] Family PYRALIDAE メイ ガ 科 
13. Scirpophaga invertulas 
RT, FD, MCF: Fig. 57 was photographed by H. S. Yong in the daytime in Sekin- 
chan, Selangor, Malaysia, on July, 1971. 
14. Hymenia recurvalis シロ オビ ノメイガ 
RT, MD, FCM: We found a pair of this moth on the white screen for collecting 
moths by light at KINH in the morning of August 11, 2001 (Fig. 3). 
15. Datanoides fasciatus オオ クシ ヒゲ シマ メイ が 
RT, FD, FCM: We observed the copulation of this species on two occasions. First, 
we found them on the white screen at KINH at 7: 20 a.m., July 21, 2001 (Figs 4-5). The 
upper larger one was female, with her large abdomen sticking out slantingly; the male with 
all his legs contracted was floating in the air at the end of her abdomen. 
RT, FD, MCF: In the second case, we found a pair on a screen door at KINH at 
7:00 a.m., July 26, 2001 (Figs 6-7). The pair stayed still in the same pose for 7-8 hours 
after we found them; after that we caught them because we had to leave. In this case, his 
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forelegs appeared to be touching the door. 
16. Arippara indicator ツマ グロ シマ メイ ガ 
RT, FD, MCF: We found a pair on the white screen at KINH at 6:00 a.m., July 6, 
2001 (Fig. 13). 
17. Orthaga onerata ネ ア オ フト メイ ガ 
RT, FD, MCF: We found a pair on a wall at KINH at 6:00 a.m., July 13, 2002. 
18. Endotricha olivacealis ウス ベニ ト ガ リ メ イ ガ 
Sawazaki (1984) showed a photograph of a female copulating with a dead male. It 
was considered to be RT and FD. 


[XI] Family PPEROPHORIDAE } トリ バ ガ 科 
19. Ochyrotica concursa サツマ イモ トリ バ 
According to a photograph of a pair of this species taken by Shinkai (Hidaka, 1997), 
they formed an H-shape because the pair’s wings stretched just beside their bodies. 


[XII] Family THYATIRIDAE ト ガリ バ ガ 科 
20. Demopsestis punctigera ホシ ン ボ シト ガリ バ 
RT, FD, FCM: We found a pair on the white screen at KINH at about 10: 00 p.m., 
April 3, 2002 (Fig. 39). 


[XIII] Family GEOMETRIDAE シャ ク ガ 科 
21. Archiearis parthenias カバ シャ ク 

Nakajima and Jinbo (1989) found a male of this species flying in the sky against the 
wind in Mt Irikasayama, Nagano Pref. at 4: 30 p.m., May 5, 1988. Then it stopped on a 
small tree of Quercus mongolica var. grosserrata and copulated with a female waiting there. 
According to the photograph, the pair was on a horizontal side twig, and the female’s side 
was somewhat higher than the male’s side. However, the photograph is considered not to 
be in a natural position, but rather the twig was inclined for layout. 

22. Alsophiloides acroama スジ モン フ ユ シャ ク 

RT, FD: Tanaka et al (1994) published a photograph of a pair in which the female 
stayed in the lower position with her head pointed downward. Later one of the authors 
(Mizuno, 1994) pointed out that the photograph was printed upside down. 

23. Naxa seriaria ホシ シャ ク 

FD: The female opened her wings horizontally, but the male closed his wings dorsally 

like a butterfly and crept under his partner’s left wings (Ishizawa, 1956). 
24. Entephria caesiata サザ ナミ ナミ シ ジ シャク 

RT, FD, MCF: A pair was found inside a window glass of a cottage in Ina City, 

Nagano Pref, at 4: 40 a.m., August 25, 1987 (Nishio, 1988). 
25. Heterothera taigana sounkeana ソウ ツン クロ オビ ナミ シャ ク 

BP, FCM: A pair was found in Ina City, Nagano Pref., at 7 : 30 p.m., August 14, 1992 
(Nishio, 1992). The pair appeared to be hanging from the underside of a twig, with the 
female’s wings held upright like butterfly. 

A similar photograph of Operophtera brunnea (コナ ミ フ ユナ ミシャ ク ) published 
by Nakajima (1992), shows it to be FD. In this winter appearing species, the female’s 
wings are very small but the male’s wings are normal and held upright like butterfly. At 
least some moths of the family Geometridae normally rest with wings upright over their 
back like a butterfly. 

26. Abraxas niphonibia ヒメ マダ ラ エ ダシ ャ ク 

FD, BP: We found a pair resting on the white screen at KINH at 5:00 a.m., August 

25, 2001, as shown in Fig. 17. In this case, the pair held their wings upright like butterflies. 
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Figs 1-15. Copulation postures of Lepidoptera. 
fixeni fixeni. 3. Hymenia recurvalis. 
fasciatus (same pair). 


angle of 10). 12. A. albisignata (other pair). 
sericealis (same pair). 


1. Yponomeuta tokyonellus. 2. Pennisetia 
4-5. Datanoides fasciatus (same pair). 6-7. D. 
8-11. Athetis albisignata (8-10: moving of pair; 11: different 
13. Arippara indicator. 14-15. Rivula 
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Figs 16-29. Copulation postures of Lepidoptera. 
phonibia. 18. A. latifasciata. 


angle). 21. E. deplana pavescens. 22-25. Lithosia quadra (all different pairs). 26- 


16. Everes argiades. 17. Abraxas ni- 
19-20. Eilema deplana pavescens (same pair in different 


27. Thanatarctia inaequalis (2 different pairs). 


28-29. Amata fortunei (same pair, 
but moving). 
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27. Abraxas latifasciata € ヒト スジ マダ ラ エ ダシ ャ ク 
FD, HWP: We found a pair resting on a leaf of a fern near KINH (Fig. 18). 
28. Cystidia stratonice トン ボ エ グ ダシ ャ ク 
In Ishizawa's photograph (1956), a pair of this species was FD and BP. However, 
Kuribayashi’s photograph (1985) of the same species showed a different pose, HWP. This 
means this species has two copulation postures, BP and HWP. The genus Abraxas also 
might have two postures similar to the genus Cystidia. 
29. Protalcis concinnata ト ギ レ エ ダシ ャ ク 
FD, MCF: A pair on the stem of Prunus ansu at 9 : 40 p.m., March 29, 1979, in Ueda 
City, Nagano Pref. (Miyasaka & Nishio, 1979). With strong stimulation, both individuals 
began to move, then the male fluttering his wings and the female walking. To sum up, 
the pair could not fly and the female dragged her partner strongly for one centimeter. 
Apparently this pair could not cooperate to move to one direction against the stimulation. 
30. Phigalia sinuosaria シモ フリ トゲ エダ シャ ク 
RT, FD: In the geometrid moths that appear during winter season, the female's wings 
do not develop, therefore after evening the female stays on a stem and her abdomen end 
turns upward to release her pheromone (Nakajima, 1991). Nakajima (1998) published an 
excellent review with many photographs of this group. 
31. Biston robustus トビ モン オオ エダ シャ ク 
RT, FD: As shown in Fig. 43, sketched from the photograph by Miyasaka (1983a). 
The copulation posture in most of the large geometrid moths is similar to B. robustus, as 
shown in the dead pair of Biston fragilis reported by Inoue (1960). 


[XIV] Family CALLIDULIDAE イ カリ モン ガ 科 
32. Pterodecta felderi イカ リモ ン ガ 
BP: Nishio (1999) studied the mating behavior of this day-flying species, and showed 
a photograph of a pair on the ground. The posture is the same as BP, with the female’ 
s wings hiding her mate’s. 


[XV] Family LASIOCAMPIDAE カレ ハ ガ 科 
33. Poecilocampa populi ウス ズミ カレ ハ 
RT, FD, MCF: Four pairs around a streetlight in Wadamura, Nagano Pref, on 
November 6, 1983 (Nishio, 1986a). 


[XVI] Family BRAHMAEIDAE イ ボタ ガ 科 
34. Brahmaea wallichii 4 RY 27 
RT, FD, FCM: a pair photographed by Ishizawa (1956) and another by Hashimoto 
(2000) appeared on the cover of Insectarium (April, 2000) (Fig. 49, sketched from the 
picture). 


[XVII] Family SATURNIIDAE vvv xf 
35. Attacus atlas ヨナ グ ニ サ ン 
VSP: photographed by Jinbo (1995). The female's head is pointed upward, and the 
male was approaching her right side to copulate. The male’s wings were held upright over 
his back like a butterfly, because of objects such as leaves and twigs between the two moths. 
FFP: photographed by Minato (Hidaka, 1997). In this case, the female hang from 
her cocoon and the front one was female. Fig. 61 was photographed by H. S. Yong in the 
daytime at University of Malaya, Malaysia, on August, 1983 on Psidium guajava. 
According to the description by Azuma and Kinjyo (1986), a male of A. atlas 
responding to the pheromone visited a female and stayed at her side, then he bent his 
abdomen end to her. The copulation posture was at first VSP but soon the male turned 
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180 degrees, then became one straight line. However, this observation was quite excep- 
tional; we thought that this observation was carried out in a rearing cage and other males 
probably interfered with the pair. We asked Prof. Azuma about this, and he answered 
that FFP was the usual copulation posture in this species. 

36. Samia cynthia pryeri シン ジュ サン 

FFP: We found a pair of this species hanging from the twig of a street tree, [lex 
rotunda, at 7:45 a.m., August 16, 2000, in Fujimigaoka, Oita City (Figs 30-32). The pair 
was about 160 cm above the ground. The copulation continued until the end of our 
observation at 10: 00 a.m.; we came back at 5:00 p.m. to continue observation, but they 
had disappeared. 

37. Caligula japonica クス サン 

VSP: Three pairs were observed on the white screen at KINH from midnight, October 
3, 2001 to the next morning. In the first case, we found a pair at 10: 45 a.m., October 3 
(Fig. 33), but the pair moved as shown in Fig. 34, at 2:44 a.m., October 4. 

The second pair was found at 3: 10 a.m., October 4 (Fig. 35). 

The third pair rested on the cover of a black light at 5: 49 a.m., October 4. The 
posture was somewhat similar to FFP rather than VSP. We observed until 8:00 a.m., 
October 4, but none moved. 

We observed four other pairs on October 8, 13, and 14, 2001; all of them had VSP and 
remained at the place we found them until the end of observation. Excepting Fig. 34, all 
other pairs assumed VSP even on the flat ground. In the present cases, the male couldn't 
move to the opposite side because of the very broad space on the white screen or the 
ground. Therefore we believe that if the female were waiting at a twig or on her own 
cocoon, FFP might be observed. 

38. Saturnia jonasii ヒメ ヤマ マユ 

FFP: photographed by Ishizawa (1956) and Obata (1989) as shown in Fig. 48 
(sketched from picture). 

39. Rhodinia fugax ウス タビ ガ 

According to a photograph taken by Ishizawa (1956), a female just emerged from her 
cocoon was copulating with a male that was also hanging her cocoon. The female’s head 
pointed upward, but the male’s head pointed downward. This might be derived from 
FFP. 

According to a personal communication by Mr Mitsuo Nakajima, he observed FFP 
in the Actias artemis オオ ミズ アオ in Oita Prefecture. 


[XVIII] Family SPHINGIDAE 2 スズ メガ 科 
40. Hyloicus caligineus クロ スズ メ 
RT, FD, MCF: Ishizawa’s photograph (1956) shows a pair resting on a stem. 
41. Psilogramma menephron 
RT, FD, MCF: photographed by H.S. Yong in the daytime in Kepong, Selangor, 
Malaysia in April, 1990 as shown in Fig. 62. 
42. Marumba sperchius クチ バス ズ メ 
FD: Miyata (2000) observed a pair as follows: At 6: 30 a.m., July 19, 1999, a newly 
emerged female was found on the hedge of Abelia grandiflora in Fujimigaoka, Oita City. 
Early next morning at 5:30 a.m., she was in copulation with a male near her initial 
location (Fig. 41). When the observer approached the pair to photograph them, the male 
with its body thrust forward watched him apprehensively (Fig. 42), but the female didn’t 
react to the intrusion. Until the evening (7 : 00 p.m.), the pair was still in copulation, but 
about 8:30 p.m. the male flew off, leaving the female alone in the thicket. Miyata 
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Figs 30-42. Copulation postures of Lepidoptera. 30-32. Samia cynthia pryeri (same pair in 
different angle). 33-34. Caligula japonica (same pair, but later changed position). 35. 
C. japonica (other pair). 36. Euproctis pseudoconspersa. 37. Lymantria dispar japon- 
ica. 38. L. dispar japonica. 39. Demosestis punctigera. 40. Marumba gaschkewit- 
shii echphron. 41-42. M. sperchius (same pair, and male moved to watch observer). 


discussed the presence of a second male, which was present at a site about 50 cm from the 
pair during the copulation period. 

In the family Sphingidae, the observed pairs are always in tandem as shown in Fig. 
45, but the example of M. sperchius copulating in the thicket suggests strongly that this is 
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Figs 43-54. Copulation postures of Lepidoptera. 43. Biston robustus (Miyasaka, 1983a). 
44. Ivela auripes (Ishizawa, 1956). 45. Smerinthus tokyonis (Miyasaka, 1983c). 46. 
Acanthopsyche nigroplaga (Kobayashi, 1973). 47. Diurnea cupreifera (Miyasaka, 
1992). 48. Saturnia jonasii (Obata, 1989). 49. Brahmaea wallichii (Hashimoto, 
2000). 50. Choreutis fulminea (Ohbayashi, 1997). 51. Edessena hamada (Miyasaka, 
19835). 52. Leptidia amurensis (Ogishima, 1975). 53. Erynnis montanus (Sawazaki, 
1981). 54. Daimio tethys (Sugita, 1975). 
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a rather typical posture in the family. 
43. Marumba gaschkewitschii echphron モモ スズ メ 
RT, FD, FCM: We photographed a pair which was found in a rearing cage at 6: 00 
p.m., May 10, 2002. The pair separated at 8:00 p.m. We reared several mature larvae in 
the last autumn in Fujimigaoka, Oita City, and obtained pupae that hibernated in the cage. 
A female emerged on May 10, 2002. The male might have emerged 2-3 days before, 
because he looked older than the female. She was hanging from an old leaf in the cage, 
but the male, with his legs withdrawn, was hanging upside down only connected with the 
female’s abdomen end to end (Fig. 40). 
Nakatomi (1987) illustrated a pair of this species, in sideways pose, probably because 
of layout. 
44. Smerinthus tokyonis コウ ツチ スズ メ 
RT, FD: A pair photographed by Miyasaka (1983) in Karuizawa, Nagano-pref., on 
August 22, 1981. Fig. 45 was sketched from it. 
45. Daphnis nerii キョ ウチ クト ウス ズ メ 
RT, FD: A photograph by Hayashi (2001) taken in Shifushi, Kagoshima-pref. 


[XIX] Family LYMANTRIIDAE F ZZ f 
46. Orgyia postica コシ ロモ ンド ク ガ 
FD, VSP: Aragaki (1991) reported a pair resting on a leaf. The female had small 
degenerated wings. Unable to fly, she waited for the male at or near her cocoon. After 
sunset, a male, probably attracted by her pheromone, approached her with his wings 
fluttering. At the margin of the leaf, the female held her head pointing upward. The 
male with closed wings over the back approached her lower right side to copulate. The 
posture looks like VSP. The copulation continued for 40 minutes, then the male flew 
away. After more than an hour, the female laid about 600 eggs on the leaf. 
47. Laelia coenosa sangaica スゲ ドク ガ 
Nishio (2000) observed a pair of this species at a wet land in Yasakamura, Nagano 
Pref. A female which had just emerged and had incompletely expanded wings, and a 
rather old male were in copulation, but it seems that normally the wing become strong 
enough to cover her partner’s wings. 
48. bela auripes キア シド ク ガ が 
RT, FD, MCF: Ishizawa (1956). Fig. 44 was sketched from his photograph. 
49. Numenes disparilis 2 aA CRIA 
In Owada and Furukawa (1999), when they were beating an Evodia meliaefolia tree, 
a pair flew out of it. The male fluttered with the abdomen tip supporting his partner, and 
then rested on Artemisia princeps. The female stayed on the upper side of the plant leaf, 
and the male on the reverse side. This posture is somewhat similar to FFP, but the 
posture before disturbance was not observed. At the time, another male was flying there 
in pursuit of the female. 
50. Lymantria dispar japonica マイ マイ ガ 
FFP: We found a pair of this moth in a thicket of Abelia grandiflora in Fujimigaoka, 
Oita City, at 1 : 00 p.m., July 2, 2000 as shown in Fig. 37. The copulation continued for 
about two hours; after the male flew away, the female remained there until the evening. 
VSP: Another male was flying around in the same place to look for the female at 
2:05 p.m. on the same day. When he approached the thicket of A. grandiflora we lost 
sight of it. We searched and found the male close beside a female with its abdomen bent 
toward the female. It is apparently VSP (Fig. 38). The male flew away at 2:25 p.m. 
In these two cases, the female rested alone until the next morning. This species 
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adopts two postures, FFP and VSP. The latter is the best posture in copulation inside a 
thicket for moths having large body and wings. 
5]. Lymantria lucescens オオ ヤマ マイ マイ 
VSP: This species adopts VSP in copulation; the male rested and connected on the 
left side of the female in Nishio’s photograph (2000). He observed several pairs in Ueda 
City, Nagano Pref, at 8 : 00-9 : 00 p.m. in the middle and the end of August, 2000. 
52. Gynaephora rosii ダイ セツ ドク が ガ 
According to a photograph taken by Jinbo, a female that had just emerged was 
hanging from its cocoon and a male was seen her ventral side (Hidaka, 1997). The 
posture in copulation is very similar to FFP of L. dispar. 
53. Euproctis pseudoconspersa チャ ドク ガ 
RT, MD, FCM: This species appears twice a year, July-August and October- 
November. The males fly actively to look for females, especially near hedges of Camellia 
sasanqua, which is the most important food plant in Oita. Pairs have often been observed 
on the leaves of the plant. The pair shown in Fig. 36 was observed in Fujimigaoka, Oita 
City, in the early morning of July 9, 1999. MD in this case is apparently exceptional. 
54. Euproctis subflava ドク ガ 
RT, FD, MCF: First case was observed on white screen at KINH at 7:00 a.m. on 
August 8, 2002. Second case was on the wall at KINH at 5:30 a.m. on July 30, 2002. 


[XX] Family ARCTIIDAE ヒト リガ 科 
55. Eilema deplana pavescens ムジ ホソ バ 

FD, rarely MD: We observed a pair resting on the case of black light at about 1 : 00 
a.m., September 12, 2001, in KINH as shown in Figs 19-20. This case is apparently MD. 

We also observed several pairs on the white screen at 12 : 45 p.m., September 16, 2001; 
these cases were all FD, but the photographs taken were all out of focus as shown in Fig. 
21. 

The posture of the pair is a distortion of RT, because this species has very long 
forewings and a rather short abdomen. The female closes her wings covering her abdo- 
men completely, therefore the male opens and holds his wings upright like a Japanese fan 
with only his abdomen inserted under her wings just behind her. 

56. Lithosia quadra 3 V RY RY ON 

Figs 22-25 are 4 pairs of this species observed on the white screen at KINH at about 
12:45 a.m., September 16, 2001. All of them show FD, and also a distortion of RT and 
FCM. In this species, the female’s forewings are very long, therefore the male is obliged 
to insert his abdomen into her laterally. The male closes his wings on his back like 
butterfly. 

We believe that the female is usually conservative, and even in copulation she keeps 
her wings as usual, therefore the male must adjust to his partner’s pose. 

57. Thanatarctia inaequalis カク モン ヒト リ 

RT, FD, FCM: Figs 26-27 are 2 of the 4 observed pairs on the white screen at KINH 

before dawn on September 16, 2001. This species usually comes to light just before dawn. 
58. Hyphantria cunea アメ リカ シロ ヒト リ 

RT, FD, FCM: According to photograph by Gomi (1997). 

In addition to the subfamily, a pair of Grammia quenseli (ダイ セツ ヒト リ ) photogra- 
phed by Jinbo is apparently RT, may be FD, and MCF (Hidaka, 1997). 
590. Amata fortunei カノ コガ 

We found a pair on the upper surface of a leaf of Polygonum cuspidatum at KINH. 

Then we went to get a camera but when we returned soon after, the pair had already moved 
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Figs 55-63. Malaysian butterflies and moths in copulation (photographed by H. S. Yong). 
55. Neptis duryodana. 56. Papilio demoleus. 57. Scirpophaga incertulas. 58. 
Amata huebneri. 59. Amata derivate. 60. Trichaetiodes apicalis. 61. Attacus atlas. 
62. Psilogramma menephron. 63. Chalciope mygdon. 


to the underside of the leaf. May be our motion disturbed the pair. The male wanted 
to move away with his partner, but she resisted and he pulled her strongly, then finally 
moved and rested as in Figs 28-29 (top is male). After that, we tried to catch the pair, and 
they separated. The female was a newly emerged individual, the male a rather old 
individual. 

According to a photograph by Fujimaru, a pair rested on a grass stem in the posture 
of MD; both individuals held their wings over their back as BP (Hidaka, 1997). 
However, we do not think that the posture 1s the usual resting form but abnormal due to 
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disturbance by the photographer. 
60. Amata huebneri 
HWP, MD?: Fig. 58 was photographed by H. S. Yong in the daytime in University 
of Malaya, Malaysia, on July 4, 1994. He had taken similar pictures on other localities. 
61. Amata derivata 
HWP, FD: Fig. 59 was photographed by H. S. Yong in the daytime in Gombak, 
Selangor, Malaysia, on June, 1998. 
62. Trichaetoides apicalis 
HWP, FD: Fig. 60 was photographed by H.S. Yong in the daytime in Gombak, 
Selangor, Malaysia, on March, 1978. 


[XXI] Family NOCTUIDAE ヤ ガ 科 
63. Cucullia perforata セ ダ カ モク メ 
RT, FD, FCM: Nishio photographed a pair in Ina City, Nagano Pref., at 8 : 30 p.m., 
August 28, 1980 (Nishio, 1995). 
64. Athetis albisignata シロ テン ウス グロ ヨ ト ウ 
RT, FD, FCM: We observed two pairs on the white screen at KINH at 5:45 a.m., 
August 17, 2001, and just after dawn on August 22, 2001. In the first case, at first we saw 
MD as shown in Fig. 8, but the female rotated clockwise pulling her partner, and finally 
it became FD and FCM (Figs 10 and 11). The second case was RT, FD, and FCM (Fig. 
12). 
65. Amphipyra monolitha オオ シマ カラ ス ヨ ト ツウ 
RT, FD, MCF: Nishio (19872) illustrated 2 pairs. 
66. Amphipyra livida 2272 4 8 p% 
RT, MD, MCF: Nishio (1987a) illustrated a pair. 
67. Amphipyra tripartita シロ スジ カラ ス ヨ ト ウ 
RT, FD, FCM: Nishio (1987a) illustrated a pair. 
68. Amphipyra erebina オオ ウス ズ マ カラ ス ヨ ト ウ 
RT, FD, MCF: Nishio (1987a) illustrated a pair. 
69. Catocala dula オニ ー ベ ニシ タバ 
RT, FD, FCM: According to Nishio and Miyasaka (1978), they observed several 
pairs in Ueda City, Nagano Pref., on August 26 to September 5, 1977. Usually, the pair 
rested on the stem of Quercus acutissima about 1 meter high from the surface of the ground, 
and it was RT, FD, FCM, but MCF was also possible. The female could fly about 1-2 
meters high with the male hanging from her abdomen end upside down without motion. 
Nishio (19784) reported a female carrying a dead male's body hanging from her abdomen 
end. In this case, the female was more active than when she carried a living male. 
70. Chalciope mygdon スジ ボソ サン カク クチ バ 
HWP: Fig. 63 was photographed by H.S. Yong in the ee in University of 
Malaya, Malaysia, on January, 1971. He has taken similar pictures on other occasions. 
71. Lygephila vulcanea アサ マク ビグ ロク チバ 
RT, FCM: Nishio's photograph (1987) taken in Ueda City, Nagano Pref, at 9 : 35 
p.m., August 22, 1987, was RT and FCM, but this picture is very curious, because the pair 
is turned sideways. 
72. Rivula sericealis テン クロ アソ ツバ 
RT, FD, FCM: We found a pair on the white screen at KINH at 5: 45 a.m., August 
17, 2001. The male was apparently an old one, but the female was a newly emerged 
individual (Figs 14-15). 
73. Edessena hamada オオ シラ ホシ アツ バ 
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HWP, FD: Miyasaka (19835) photographed a pair resting on a leaf of Broussonetia 
kajinoki Sieb. in HWP and FD, with their wings held up slanting as shown in Fig. 51, 
which was sketched from it. However, in this moth, BP is probably never seen because 
each single individual always rests in that posture. 


[XXII] Family PAPILIONIDAE アゲ ハチ ョ ツウ 科 
74. Papilio demoleus 
BP, FD: Fig. 56 was photographed by H. S. Yong in the daytime in University of 
Malaya, Malaysia, on November 24, 1994. 


[XXII] Family NYMPHALIDAE タテ ハチ ョ ツウ 科 
75. Neptis duryodana 
HWP, FD?: Fig. 55 was photographed by H.S. Yong in the daytime in Gombak, 
Selangor, Malaysia, on July 15, 2001. 


[XXIV] Family LYCAENIDAE シジミ チョ ツウ 科 
76. Everes argiades ツバ メシ ジミ 
BP: Fig. 16 was photographed by Miyata in Fujimigaoka, Oita City, in 2000. 


Discussion 


Hidaka (1978) classified the copulation of insects into 5 postures, but he did not refer to the 
variation in each posture or its evolution. As introduced above, we observed many pairs of 
moths and believe that the copulation posture of Lepidoptera should be classified into several 
sub-postures. However we have limited experience in observing pairs of insects other than 
moths. Therefore at present we divide Hidaka’s five postures into two large groups, A and 
B, by the position of both sexes. Group A is characterized by the abdomens connected end 
to end, resulting in the male's and female’s heads pointing to opposite direction. For Group 
B, the male’s and female’s heads point to the same direction. 


Most of the insects belong to the Group A; in our observations of over 70 species including 
24 families as mentioned above, all belong to the same group. Apparently this group is basic 
and ancestral because it is seen widely in many orders of the class Insecta, from primitive to 
highly evolved ones. However, some moths adopt secondarily VSP or FFP, in which the 
heads of both sexes point toward the same direction. We believe that these are derived from 
RT as a variation, and certainly different compared with Group B. 


In Group B, the pair’s heads point toward the same direction, because the male usually 
mounts on his partner’s back after coupling. The male could then keep or watch his partner; 
for the female the presence of the male on her back is beneficial because she could always 
keep her partner, and could move or eat during lengthy copulation by ignoring the male’s 
intention. Group B has apparently evolved by such behavior in copulation. For example, 
in the case of Papillia japonica, sometimes the male stays on the partner’s back without 
coupling (our observation). The purpose of this behavior is perhaps to restrain the other. 
However we do not have sufficient observations. In the present paper, we will limit 
discussion to the copulation of the order Lepidoptera. 


In the case of Group A, movement in one direction during copulation is very difficult. And 
for movement it is necessary for both sexes to cooperate; in our PODSEIVALIONS, they did not do 
so excepting some cases in butterflies. 


In conclusion, the order Lepidoptera belongs to Group A in copulation posture, mostly 
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typical roof type. However, it is possible to divide into the typical roof type and two 
subtypes, and each subtype into two postures. 


In Group A, all belong to the roof type in the wide sense, but for convenience the type is 
divided into three subtypes: 


Subtype 1—Typical roof type (RT), 

Subtype 2-1— V-shape posture (VSP), 

Subtype 2-2—Face-to-face posture (FFP), 

Subtype 3-1—Horizontal wing posture (HWP), and 
Subtype 3-2—Butterfly posture (BP). 


In general, male and female insects unite with their abdomen end in copulation, hence their 
heads point to opposite direction. Therefore, on a vertical surface or inclined slope, usually 
the female’s head points upward; we call it “female dominant (FD)”. Under natural 
conditions the forewings form slopes on both sides like a small gable roof. Usually the 
hindwings are covered by the forewings. In this situation, which sex’s forewings cover the : 
other one is also important; usually FCM is dominant, but the wing position is dependent 
greatly on the sizes of the wing and body of both sexes. Before copulation, the female 
usually holds her wings upright to accept the male; after coupling, she closes her wings thus 
covering her partner’s. Sometimes we observe the reverse order (MCF) even in the same 
species. The female points her head upward without compromise, the reverse case is very 
rare. 


We call the copulation posture above mentioned “roof type (RT)” (Figs 1, 10-15, and 26-27, 
57, and 62). It seems certain that all other postures are derived from the roof type. For 
convenience we describe as RT for the case of “typical roof type” only, in which we do not 
include other postures such as VSP, FFP, HWP and BP. 


Among moths, the forewings in the family Geometridae are rather thin and large, but the 
thorax and abdomen become smaller and slender. The slope of the roof decreases gradually 
and finally becomes almost horizontal, and sometimes with the end of the wing going up 
slightly. This posture includes Subtype 3-1, which may develop to butterfly posture (BP). 
In some species adopting Subtype 3, two postures, 3-1 and 3-2, appear in the same species 
or the same genus, but in others only one posture is observed. Most butterfly species 
copulate in the posture 3-2, and in such species never in posture 3-1. 


In the case of Subtype 2, we observed both VSP and FFP in some species. Apparently, there 
are few moths adopting the typical FFP, and almost limited to rather large moths such as the 
Saturniidae, Lymantriidae and maybe Lasiocampidae. 


In relation to the copulation posture, the single male or female in most species usually rests 
with its head pointing upward on vertical surface. At present, all species in which copula- 
tion has been observed belong to this group. Although the male usually points his head 
upward while resting, he compromises to the female during copulation. It is logical because 
the female’s abdomen is usually very large and heavy. If the female points her head 
downward, she can not hold her abdomen upward. 


However, in some species of Noctuidae, each individual naturally points its head downward 
while resting on a vertical surface. And, in some species of Geometridae each individual 
always rests sideways. Until now, we have not observed any copulating pair of these species. 


In conclusion, RT and FD are common postures in the order Lepidoptera with some 
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exceptions such as butterfly posture, related to large wings and small abdomen. Most 
butterflies and some species belonging to Geometridae and Callidulidae adopt two postures, 
HWP and BP. These species have large wings and small abdomen; they hold their wings 
upright over their back while resting. In copulation, they hold their wings upright, therefore 
the large wings do not interfere with mating. Butterflies adopt BP widely and very rarely 
HWP except the family Hesperiidae. However, in the Geometridae, BP and HWP appear 
sometimes in the same species, e. g. Cystidia stratonice, and in the same genus, e. g. Abraxas 
niphonibia (Fig.17) and A.latifasciata (Fig. 18). The HWP posture is observed in 
butterflies belonging to the Hesperiidae and Papilionidae. 


Elycysma westwoodii, a day-flying moth belonging to the Zygaenidae looks like a swallowtail 
butterfly morphologically, but it can not hold its wings upright and only open horizontally. 
Therefore the male inserts his abdomen under the female's wings just behind her abdomen to 
copulate. In the case of Edessena hamada (Noctuidae) the pair copulates in HWP, as it is 
not possible for the pair to hold its wings like butterfly. 


As discussed above, during copulation, the arrangement of the wings is a real problem in each 
taxonomical group. In the copulation posture of moths, various variations were observed; 
however the posture is similar in species belonging to the same family, or subfamily or genus. 
For example, species of the subfamily Lithosiinae of the family Arctiidae have long forewings 
and rather small and short abdomen. If both sexes close their wings in the usual resting pose, 
and if the male approaches from behind the female, their wings would obstruct copulation. 
Because of this, the male, holding his wings upright over his back to remove obstacle for 
copulation, approaches the female from the side. In copulation, the male always compro- 
mises with the female. In Eilema depleplana pavescens, the male keeps his wings open like 
a Japanese fan on his back to remove the obstacle, and effects coupling just behind the female. 
The length of its abdomen is longer than that of L. quadra, therefore the male could unite 
from just behind the female. 


In butterflies, some species of the Hesperiidae copulate with their wings open horizontally 
(Figs 53-55). However most butterflies adopt butterfly posture during copulation (Figs 16, 
52, and 56). In BP, the most interesting problem is flight. Shirozu (1948) described many 
examples of the flight of coupling butterflies and the flight posture. He examined the flight 
of coupling butterflies and symbolized as follows: ~ 7 + or —-  --o^. He was of the 
opinion that the flight posture possibly reflected the systematic position. However, the 
records of the coupling pairs in flight were mostly from coupling pairs affected by distur- 
bance; in some cases the observer apparently caused the coupling pairs to fly Such 
Observations are not meaningful because, if continuing observation is carried out without 
interference, most coupling pairs would probably stay in the same place until the end of 
copulation. We believe that the most useful method to avoid the attack by enemies is no 
movement and to be hiding in the natural environment. Usually the underside of butterfly 
wings has a camouflaging pattern and color; if motionless, it is very difficult for an enemy to 
see. However, with imminent danger, flight is necessary to avoid it. In such a situation, the 
coupling butterflies show cooperation for flight; usually one of them beats its wings and the 
other sex hangs without fluttering. 


In moths, Nishio observed a pair of Catocala dula in flight. The female fluttered her wings, 
while the male hung from his partner’s abdomen end without fluttering. The flight resembles 
that of butterfly in one direction. This species is diurnal, and we have some specimens of 
Catocala spp. with beak marks. In the day, the moth rests on a tree stem, and its wings have 
a camouflaging pattern and color like tree bark. When unfortunately discovered by bird, 
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even the coupling pair must escape by flight. However, most coupling moths seem unable 
to fly in one direction through cooperation of both sexes. According to our observations in 
moths, a disturbed pair wants to move, but fails to cooperate. Each sex wants to move in 
its own direction, and they pull at each other, with the stronger one finally pulling the other 
by force. We believe that flight in coupling pair is a very rare behavior in nocturnal moths, 
probably also in day-flying moths. According to Mr Yasunori Kishida (personal communi- 
cation), he observed a flying pair of Cephonodes hylas (Sphingidae), in which both sexes 
were fluttering in the air and moved in all directions in confusion. According to Mr 
Kishida, Mr Hiroshi Yoshimoto also observed the same phenomenon in Cephonodes hylas 
(Sphingidae). 


Lastly we must mention the relationship between copulation time and activity time in each 
species. In the examples of the Arctiidae and Saturniidae, they apparently copulated during 
their activity time, recorded by counting individual numbers gathered at the light trap in each 
hour after dusk to dawn of the next morning. In Arctiidae, the pair usually separated after 
one to two hours, but in Saturniidae copulation lasted a very long time. Unfortunately the 
exact hour was not recorded because we could not stay at the same place for a long time, but 
the pair possibly never separated until after dusk. 


FFP is advantageous because moths having large wings need a large space for copulation; 
this posture reduces the space requirement to about half. The body size reduction by FFP 
is useful against the enemy’s attack. 


When we observed a pair of Samia cynthia, naturally we thought of the Japanese word 
“Taimen Kobi”, meaning “mating face-to-face”, hence FFP in this paper. But we are not 
the first to use the term “face-to-face”; Young (1997) had already used the word in his book 
for the mating of Lasiocampa quercus callunae. Including Lasiocampidae, as far as we 
know VP and FFP have been observed in three families only. 
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摘 E 
MAO AEN (宮田 H * Yong Hoi Sen・ 池 田 八 果穂 ・ 長 谷川 英男 ) 


この 論文 で は 鱗 超 類 の 交尾 形式 を 総括 ・ 整 理 し た . 鱗 凌 類 が 垂直 面 あ る い は 斜面 で 交尾 する 時 の 体位 
は , 常に 雌 が 上 に 位置 し , 雄 は 下向き に 静止 する . この 現象 を 「 雌 上 位 ] と 呼び , 同一 種 で も 希 に 逆 位 
つま り 「 雄 上 位 ] が ある . 「 雄 上 位 ] は 滅多 に 見 られ ず , BCI HEE) が 基本 で ある . また 尾 端 
で つなが り 睦 雄 の 頭 が 反対 方 向 を 向く 変 尾 中 の ペア の 贅 が 左右 に 傾斜 し , 典型 的 な 場合 胴 部 が 屋根 の 
下 に 隠れ て いる の で 「 屋 根 型 交尾 」 と 呼ぶ こと に し た . も ちろ ん 麹 の 面積 , 長き さ が 変 化す れ ば 胴 部 が 露 
出し 屋根 の よう で な く な る が , 尾 端 で つなが り 了 雌 雄 が 反対 方 向 を 向く 変 尾形 式 は 広義 の | 屋根 型 交 尾 」 
と する . この 場合 , WEOXATIMEO«8IRO EERW] &, その 逆 の REM) が あり , 基本 形 は MEE 
Wl CHS. UPL, 麺 の 重ね 方 に つい て は 雌 も 世 協 的 で 「 雄 上 次 ] が 時 々 見 られ る . 屋根 型 交 尾 で は 。, 
以上 の 2 点 を 確認 する こと が 望ま しい. また 写真 は 必ず 上 下関 係 が は っ きり 分 か る よう に 撮影 する べ 
き で ある . わざ わざ 写真 を 横向 き に し て 発表 し た と 思わ れる 例 が ある が 困っ た こと で ある . 


次 に 屋根 型 変 尾 か ら 由 来 す る 二 大 系 列 が ある . 一 つ は 交尾 中 の 雌雄 の 頭 部 が 同じ 方 向 を 向く 場合 で あ 
る . 垂直 面 で の 交尾 で は 両性 の 頭 部 は どちら も 上 を 向く . これ は 食 樹 上 の 貢 ま た は 茂み に 羽化 直後 の 
肉 が 止ま っ て 雄 を 迎え る 場合 で , 雄 は 雌 の 側面 か ら 線 を 背中 で 畳ん で 接近 し その まま 結合 する . VE 
状 に な る の で lV 字 状 交尾 」 と 呼ぶ . 結合 後 , 雄 が 雌 の 腹面 に 回 り 婦 を 開い て 静止 する と 「 対 面 交尾 | 
と な る . V 字 状 交尾 か ら 対 面 交 尾 に 移行 する た め に は 雌雄 の 間 に 葉 や 枝 な ど , 爽 雑 物 が な らい こと が 条 
件 で ある . も し あれ ば V 字 状 交尾 の まま 交尾 を 終わ る . この 両 型 は , ヤマ マユ ガ 科 の ほとん ど 全 部 と 
ドク ガ 科 , カン ハ ガ 科 の 一 部 で 観察 され て いる . また ヒト リガ 科 の 一 部 で も 見 られ る か も 知れ な い . 


第 二 の 変化 は , 屋根 型 交 尾 の 屋根 の 傾斜 が 超 の 面積 増大 と 胴 が 細く な っ た 結果 , 屋根 の 勾配 が 次 第 に 
緩やか に な り , ほとん ど 水 平 に な っ た 旧 類 で 見 られ , 「 水 平次 型 恋 尾 ] と 呼ぶ 、 シャ ク ガ 科 , ヤ ガ 科 と 
蝶 類 で 見 られ る , この 型 は さら 進む と 背中 で 贅 の 表面 と 表面 を 合わ せ て 閉じ る 「 蝶 型 変 尾 」 に な る . 
シャ ク ガ 科 で は 上 の 両 型 が 一 つの 種 ほ また は 属 で 見 られ る 場合 が ある . し か し 種 に よっ て どちら か 一 型 
に 落ち 着く こと が 多い . ヤ ガ 科 の アツ バ 類 に は 水平 次 型 交尾 は 見 られ る が , この 科 で は 「 蝶 型 交 尾 ] は 
まっ た く 見 られ な い . 


蝶 で し ば し ば 問題 に な る 交尾 飛翔 は , 雌雄 が 共同 し な いと 成立 し な い . 夜行 性 の 峨 の 場合 , 飛行 が 観 
察 き され た 例 は な い . は っ きり と 一 方 向 へ ある 距離 飛ん だ こと が 分 か っ て いる の は 蝶 の 一 部 と ー 賊 で は オ 
ニ ベ ニ シタ バ で ある . この 蜂 は 昼間 樹幹 か ら 樹幹 に 飛ん だ と いう . 昼 行 性 の カノ コガ や スカ シバ ガ 科 
は 刺激 きれ る と 雌雄 が 混乱 し , 強い 側が 強引 に 引っ 張る こと が 観察 きれ て いる . オオ スカ シバ は 右 へ 
飛ん だ り 左 へ 飛ん だ り , 右往左往 し 一 方 向 へ スム ー ズ に 飛 凌 で き な か っ た . 蝶 の 交尾 飛翔 も 無理 に 刺 
激 し 飛 ば し た 報告 が 含ま れ て いる が , これ は まっ た く 無 意味 な 観察 で ある . も し 蝶 と の 間 に 距 離 を お 
いて じっくり 観察 すれ ば 蝶 は 交尾 中 決し て 飛ば な い . また 雌雄 が 驚い て 落下 し た 場合 どちら か が 少 
し 遡 を 開閉 し た と し て も 交尾 飛 逆 し た と は 言え な い . 上 蝶 の 交尾 飛 包 も 本 当 に 飛ん だ と 言え る 例 が どれ 
ほど ある か , 再 吟味 が 必要 で ある ろう. 
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